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Abstract

The Aim of this thesis is to conduct nanoscale cutting by means of molecular
dynamics simulations. So initially the theoretical base of the modéVialecular
Dynamics and specifically all its fundamental factersre presented, such as
calculations of theé (1 2 Ya Q (,Nde sediah dfWadtedtinl energynction and
selection ofthe cutting speed.

In the next chapter,Molecular Dynamics imanacscale cutting processests
advantages, limitations and the main parameters, such as the selection of diatomic
potential, the change in rake angle the cutting depth and the edge radites
analyzed Alsq in the context of the completion of the literature reviewarious
studies that focused on variation of the cutting depth and edge radius, and the way
they are associatd with the minimum chip thicknessare presented

The following chapteincludes thecomputational partof this diploma thesiswhich
refers to the Matlab code and the additions made it@worporate the rake angle,
cutting depth and the edge radius. Then simulations were conducted by varying the
aforementioned parameters and investigate thmenimum chip thickness. Finally, the
conclusions from the simulations were drawn and some future prospects for the
continuation of research in this area were listed.

Key words:Molecular Dynamics, Simulations, Nanocutting, Interatomic potentials,
Rake agle, Work material, Cutting tool, Chip
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(a) -75° rake angle
{d) -30° rake angle

(b) -60° rake angle

(f) O° rake angle

(€) -45° rake angle
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(a) 5° rake angle (b) 15° rake angle
43
(c) 30° rake angle (d) 45° rake angle
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(n) Cut depth: 0.362 nm, Edge radius: 3.62 nm (c) Cut depth: 1.4498 nm, Edge radius: 14.48 nm

() Cut depth: 0.724 nm, Edge radius: 7.24 nm (d) Cut depth: 2.172 nin, Edge radius: 21.72 nm
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(b) Dislocations perpendicular to the cutting direction e.g. (110) orientation and [001] cutting direction
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{c) Dislocations parallel to the cutting direction e.g. (001} onentation and [-110] cutting direction
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B ¢ h ‘B ho ¥ > ¢ h ‘B .Y A 6 ot >3 v “
""<"J’y5_h' ! ‘_‘J>‘h’h 5"_ J‘A"q)
1. CoAw,. 8" hF >w oo, o >8 t LT hoott >
i S ho Tt T <S50 Ay 8 h S ' >  hj 7 <" o
5“_h“/\" B> Ah ! "__' _h'h,l’,lvl _'. _h
‘w"l ¢ h ‘B h_'>“‘ T £ h v >h Vo< ¢<“’+"I
'h’hJ,J"I _I. ‘w"lq) 1 ¥ Ch‘B'J'l>r] @“I‘T)\hl<'
B v <’ s ht ¢ h 7 ¢ - s B~ 1 h <8 Y h , h 7
1 *hyg " ¢h > h h‘_" 5v5<"‘5_h‘z wo, '_"‘ w, B °
B ¢ h * B B - h Ah <! 'y 5""¢”/\_h‘ ¢ ht h - ¥ ¢« 1 ¢ g
“" >hhl,ws/‘\’{\‘/\¢)
& ">.‘, v ‘5’>“<."h"hl N B_.“>,_,,
‘B,>V‘_h_,‘,lcb L. A V“,hz o ‘,‘_'>h h o ow
S AL R S ‘5’>"<."h"hlz ¢ h* B _hC_h L0
BT h<<|5_’h"' ADbB 1 "/\/\;‘5““ >' " ® o[h s v _h_
> B _h “'<"“h _"‘ “‘_">h_"l 5"’5hy"/\_h
T T > TN o A B~ s hy Y AT T L
ha s YA Ko- ot >t wo~ \‘{B.,V>W.q‘,>h\,\’, h oy
e, oo e
CE ‘/\‘"C' ‘“‘ Ch®*>Yy > yep'"* TN B ~h Aah - 7>y © Y
h¢'<““'Y
Temperaturevat( T+)8) ( Temperature.vét ) 2.1)
S_h/\ ! 7 s>sY ¢ 7 h Y h LA ‘B’>"‘_h_‘¢_/\ h_'>
/\h/\"(“""lz ve ~ B AR _'/\ Ch Y " Y swAaA" 7 y¢ 7
_hl’_'_sl h Ah ¢ h h_h“"/\_h' i h > B -I. B v,
ui,new=4/@

current (2 2)
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_chrrentf’/\h' ! ‘B 7 >Y ¢ 7 h "’ h ‘“‘ “"<"J’y5_h‘
ldes'reds)/\h‘ 1 B—!l‘>l_ll ‘B’>Vq’h‘)h¢
n ¢ ' h - h A B A h C h * h Cg s Y h ¢ h
h Y- Y > h “h " h >swAaAY A h ¢ A h ¢ h h ' 1 " h ¢
G > A B <Y - Y 20 ! I 7 A B h * B 1 ¥ 1 " h h B
- % - v . h C h - LAY . - v vy gy
K~ ' <wi s ht A US> MOrdeS s BT AN Y s Y ANt A
B ' ¢ h "t v h B * *'Ch AY - Y v ' ¢ h h >
> B h v A h >, A I *h >shg¢ ">~ ¢ h h < B
A h MorSe!
v s> T T n Y >B AB > Ah | o8B
["J+ ¥ ' ¢ ! ¢ v - n <h >Sj h AB " . - ~h N ! A
<h >j h AT A s vh*' & ¢ h > ¢ 7w s w S B A h 't
> Ah L oA S>w TN S BA B mt h 7 < h
h 1 " A" h B >Y Ah | B > w oo ()
(> Ah4h Smo~ oy
[L]=1 30'nm £ 18°m ) (2.3)
r” Ah L h B AW~ 1 B ' h Y
[E] =leV 4.602176 310°J 2.4)
" AR L h 1 Ah > Y
eV 1.602176 10%J
[F]=[4[ O 1€l T 1.682176 10°N

r Ah 1 h >hthY

_[M] 6293 10%

kg 15045 10 kg
[M] ~ 6.022

[mi

(2.6)

~

rAh{hl"A“‘Y
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=" 18 g éﬁ 8076 10%s 80.76(s
[m [ [ A/ 2.7)
> Ah L h ‘5’>"<."h"le
[T]:[L]Z[rTiI = [Mml 14 604.50K
[Tkd [0 F[' & (2.8)
[ 7 A" prmsh Y gYognm T  cwa s he )
dt=10fs =0.123,, o 2.9)
Cht* ' ¢« 8’ >5>Y¢ " h h =~ >~ - B Ah Y
: _ 293
T=293K =————11604.508 =0.0232,, \o
11604.505 T (2.10)
(s _ ' 0"t s'h Setupdobl T AB T htocovo s A
ha v Tt LY A v s >ho, Y ¢ h ot “moltype s ~ 1 h <8’
¢ h o y 8 _h' 7 L _e N h ot >soA T _ 8 >h
> hj <' o h‘_" >5h¢¥\hh>>‘v"/\zl >l5th_/\i"5l ‘_"<B,
AT < O IR . AN h s> ooA T > A W< >h
871 h<s> Y 5§ 1" <hypr T + " h>haA_ 7 ! T B
moltypé€l, too)=1 (2.11)
m‘h _h A B __/\‘h h_">h _"\ _B>h*"’\ "”y"‘>|
moltyp€l, partNewtoyr 2 (2.12)
mth _h s> h_“C¢h h_Y>h Y s>h,>Y Yo
moltypdl, partThermp=3 (2.13)
m'h _h * AY thCh A _Ysh Y 8>h, Y Y
moltypé€l, partBoumdany~ 4 (2.14)
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> ! BT > ¢ 7~ h h ¢c v - 1

Temperature val= 11604.505¢ nmoV80p { 2* Mct kinEnergy ya( 3* }

(2.15)
Ih h_' e > B '_' ! >B_hj<'_" -I. fB >Y ¢ h
C A" tcon B AW 1 8 ' h . A h >, A ~ <" ¢V b
>w T v . A ¢ A YO A E AB " 1 B _ A . A h >
>, . AN > B A -~ h h = h A, B v’ . ' ¢ ht ' > w '

43 ML At JYy 11 13UMRZ1IL[BY rdbwolyY JuAaBY

G I, A’ h - 7t Yy, (o R WL T | R e Ak g "1
> _hjrgtangled & . A h h " >TY 7w Ahow, st B
- B’ > - . A | h ~ Al l(;‘_ A ‘>_/\ 1 - g 7 N [ , n ~

- B ’ > - . AR | EB l(l‘_ /\ r>_ /\ 1 - B 4 t N 4 ~ , n 1 > /\B |
CE h », v ¢ Y - Yy > ! Cw ot -7 K1 >h¢ YT YrregY h %

InitCoordsYooal

CE h .o Ch_hC' ;! fw ! . A +>h_‘{’+/\ -
h = ! YAr. © 7 Ah Ch

N . ! Vo * A B h 1 >wAB ¥ ¢ h * B ., >h |
(xyv @ B A ' T Y A Y OBt Tafgle LA h A woe

: A B hil >wAHB R T B AR Y

L = xX*cos(rot_angleq y*sin(rot_angle)2.16)
Y = y*cos(rot_angle)+x*sin(rot_ang(@)17)

K S .wls  h o w YT ZEI'SsATA[NARDboN 5
Matrixo ¢h* ¥ *th* *Ch Rpot’andled wANT T v <EE M7 >
- h oA, o . h ¢ CX,yL'), .l“‘h/\_‘ts’_"hCJ,>,V\I’/\‘Xr’§y9; o) Ch* AY ] Tt

ATiOtdE Qa Qi DEéddE Qad

YI e®e Q. A (2%
‘ OJQ I Qeewe Qo Wel £©E Qa@( )

71



am1 J tsz1{B

11T RMRYEBSAS ZzUz RILDAUNZURZRMEPUAEYRY AVAU P

211 F2035
1 I/\ —B-v— : 'J,/\,h B’/\h‘ h’/\l !QIIZ 1 _B,
|—+ )h)AB_hl ‘_V h(.‘l<"‘l" ‘;">hY
rot_angle<0
Bl {44l L RMy AZzMmuv3B Zvz JuAaZy1JUuxY RMrJ}lROUZ 14 ZVU
JuaBY
1 A B T A0 h B YA h f1s, e ' B - Y ¢ - B

rot_angle=0

K7

81 {J42q (RrRmMy AzZzMmu3B Zuz JuaZ1JuY RmrJlROUZ 1] zZUu KA?;

JuaBY
5_'. ,h’Arts‘_¢h2[_2\‘h“_Fl"AB' >' h h<<'<5“¢h<‘,' h_
B Jh<5’“‘ > B h_“>h _“J"t)<‘/\hvt,1'¢b§‘ujﬂh"r_1lvq)
! h « <" <« ~ ¢ Ch<‘ L . _“ . ’C:h"/_\"’Cyu""‘nls>_>'sf.‘w"’
J+/\6lal'/\'_‘¢wl J+/\’BZI TNW'"BI'() /\h_")\B_Ch_Q"R'h‘V‘
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rot_angle=0

1 [ d4Bd a>Anv3zrB J}1IslRAL[Cl2zCsyY Zodu 1 zZJjtow zuvz JUAZ
Jl1zZzrRmMmr L Ao Y 1 |4 9RwWH S[ZOUA[BOYY )

1. A S -1 ¢h >8 >hs ' TVIAT 'h Cht o< TNt s ot S T Y
if (rot_angle>0)

% Check for overlapping between the tool and Copper (this happens when

% rot_angle>0

% find maximum-¢coordinate at height = lowerleft(2)

[i,jI=find(R(2,:)<=abstiverleft(2)));

k=max(R(1,));

R(1,))=R(1,))+k;

end

B , ~ 1 > A B t 1 - g 7 v ) [ 4 , n } ~ ¢ v - ) ¢V Z J

¥~ Y > h i T YA _ h * ¢Ch*Q - > . ¢ h . h = ' YA B -

j ¢ v > B - Y ' h >h_ o h/\__s"_ hJ¢>W'/\_' toery YoTwY Y

> ¢ s 7 h = ' T j A~ ¢y - Y

[i,j]=find(R(2,:)<=abs(lowerleft(2)));
B‘ h _h _h >h_ 1 " h i ?\‘_’5_>BJ§,WA"/\“‘>BY
k=max(R(1.j));

B ~ J ~ > B h _ n _ 1 >WJ t _ 1 ~ t > n z _ ~ B >

A B h 1 SwAHB _ A > h _ A A _ ¢ v - B ey Y

R(1,)=R(1,))+k;
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1 A -~ h "~ * h B A ' h " 1 > A" Yht¢e mw ¢ th 7 ¥ v h Y 'h
¢ h >~ < ' ! h B~ & h L£&h™™ YO Yo Y st Y e j ht Y
Ll_,lh‘vl (;'V— n Dd-lpth>5 h] <| ~ 1]

Bq_qh\b_ <||-|_ '>_Bh_lhRiC<' n

| > A h .81 " h sy ., " > h e e B~ 1 h <8’
e > _hij < " 77 Ch L7 T nhitgdordSTbo! T Y > h 7t ¢
N ot h ., " ¢h Y Z AL CSYy_YI A Shht vt N A B h 1 >wAB

B "1 h <8 > Y ¢ ¥ - w A _ 0 B A h - Y ¢ - B w A h
H. o[" ., " >h - h "IlT\‘th'494hh‘ B " C Y ASEBE thj < w -

‘.’I‘I>V—V!V Ahrq)

, -

alpha alpha

61 JddAd t?Bt L1 ZULz zZM|IARBOULZ U t&d M NgRAYBUASZ11d{JZz 8 & | ¥
RMr J 1ROV

RES ™ A_ A h h = ! ! i h " BO T YTt wh Y Y Y B¢
¥ - Y > h “h‘w“""/\l‘d){cﬁ'hlh' h /\wls'hx¢hy<"1’y"/\
: A B hi >wAH LN LT >E T LA v ¢y - v e
BC"<" Lo, h ' >sE8  h e ¢ v - t ey ‘ h Yooy
Y- Y B Y h - w Y dh. > &8 h v ¥ ¢ h h

15 ¢ h ‘B I~ h >>n" A °1 B h * w A h h 7 v s N
¢ h dxd o[" >s" ¢V ¢ h * B Yty YA * h I h >>sn" h Ah <
> _hj hd<y' b A_8 _ hi>wAaAs . AN T .>h oA T T
1~ h >>sm" T YheAl 0 h Y A R A C _ 1 " ¢h 'y‘ h “Ahh SAaw” A¢ ¥ - © S

* h “ 8 " ' ¥>88 Ah_j] h <8 h ' o
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1

AW, * h B L I 7 h >>" _ o>
_’{‘h _"‘ “C‘/(_‘h_”ﬁ‘B’/&_'/\ﬁ _j“’\"(ﬁ“¢<‘¢", _"
1 ¢ B QY “>'W"/\<b"1 oy Y . > B h_né’W_C’h\‘ A“" ,C S I "_ I" >
j A ho Y .Y S ht s T >wA
“h >swAB 1Y h RaF h“‘ YB<L VAR Y ‘f1"‘>_'5" > u_<.‘ " C k! AY )
> thietanew® h o>t ey o YTty onew b I 7 h > s
R e N A A NP U I S SR
w7 B A h . - Y <Y )\ZC,“>‘5/\ BE h 6 hs‘wepn ', Y "’4\ "noTy
S et hof 7> ¢s ht - h AL, VA ¢ ¢ t ¢ -
h A, > B ¢c e C AT . >h 0 “/\_5_ I >w A
_B_h >SWw oA h‘_“ "“‘h‘_‘ﬁh “"<"J’y|5_h
¢ < BK H 0 Csh’ " phast > ATh tY 2t

* h R « <R S AN

N N

s | ' h Y > B

N

R¢& sin(thetanew2) (2.19)

N

WA hR Q¢ ox Y

w A h G

1 P} ~

ryJ3}RrROUVZ AZU ULAUE

211 f2035
1 - AW ., B " h > ¢ _ 4" ¢h oYt w Y >
oA Tt > Rep BT s, > Mt Ch [ hhC
SSwho g AT AR T T 0 A
B
alpha alpha
H
Re ]
theta
ho €
el dabyt RIV L4 A?Bt L Zuvz JuazriJuy RMm
LdzeowyYy [LltAz)jzszlyY
D[" >" ¢ v ! B < B h > h ""y'/\H‘hh" 1
j h 1 ¥ “h ~— w8y Y 0 w , B " e 'r B T &
1 8B4 Y >Sw A ' h ¢ > A h ¢ h >~ < ' ' h

’Ih>>ll

Sg' fW h T>WhPC <S¢
h—vug‘ynh/\_wsw
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45 em?1 Juoaveshs [211 (1 wLs8UL[ ULUABY
1 - CoAw s b >w nitCoordsPart T P aff A _ Y T hoo ' Cw
_s>h .Y 5 sA- >& YA nitCodrdsTod ' T T w¥ A _M'A 7
L Cw * A B h 1 >wAB ¥ B "1 h < >~ (0]
B’v ¥ orov N ~ A Moot h"'CW * N -] hJ>W/\B
s h<s Y 3 T wTs ! nipvelsParE _ ANh T T Wh T AT T b
w, > A _h AT >h TS TPT gn b ARR L A
N A C h ¢ h ¢ . h Cg oS Y h ¢ h A “>hys ¢h* _
< ! 1 ' h ¢ B ' h ! ¢ ¥ - S ¢ h B~ Y SWA .,
'l B A" Cw b CE ¢ h B ¢ A ! ! h, h f C h A .
h ">, A 7 Yy s ht Ah w, B o .hh ¢h s AT
rs YA N B Y ¥ >y B h ¢ ht ! h | ! h
A" _ > h > AT ¢ hyChh * '"BA’ AChD' BC YY" A" "1 Y h " < h
¢ v - vt e B ~ 1 h <8 >~ 5 ¢ h ¢ h h * AW~ B ' h o
€Yot T Y Ysvot ok niitWelsFoofhh 't Sw Ly s th e
. BVII Y
< 10"°m
V=010 g g 223"
tunit. Mo 80.76¢ 10™s S 2.20)
1 ¥ ¢ _ 1 " ¢h ~h v h A B h « . Y
veltool=[ ©0.1,0,0] (2.21)
' hoLotCw oot h, AT . A b nitAccels. Y TN
rh h A w Ah 7 v ! - oY Y Y sy ot B T h
s >h > Y ¥ ¢ h* ¥ B I h <« >~ > f B ¥ A h *
w  h h - R R > A h ", "¢ _ A fwts L AT
B/\.{th,W Br qht ~ v t > 1 h l!(l‘ll (I‘!AI
-n>h-V q)
CE >5_hlkinEnergy'h /\h,w’l:s_ﬁh"/\"__"C/\" B AW 1 8" h Y ¢ h !

-4 " ¢h . Y
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kin.Energy vak 0.5 * wSurh nm (2.22)
¢ ht ! >t0tEﬁ)e[jgyJ:|'/\_h",w’5_h‘ ‘_' “/\"<'¢" B AW~ 1 B
totEnergy val = kinEnergyval+ uSum nn (2.23)

-V . 1 >HS_Uth )<V| ’_hll N _l N . AV <l q n {‘ /\h >t q‘ " B /\W

h - M Lo Y sy Ty ey >B8 A7 1 Ah >t ¢ 1 Y h ¢ h ¢ B

G h’L‘(;‘II ql/\l ‘(I‘II (;'hl ~ Av<rqu B/\W’JB‘h ~

>' LAt Cw O

a g . Tt AT MRS T T
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v h A, 5~ "~ h Y- ¥ h “ h | S B C h & L
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N WY S B : h ¢ ™<> Y B “h " h >w

x m- A’ h : fof_angle (rake angle oL >6 S
> B h j <! " w o, B °* ' 1 A h ! ! h * A h -, v ¢
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